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Abstract 1. Introduction 
There is great interest in solving the question of how far the success- 
ful establishment of common reed for shore restoration is influenced 
by genetically determined characteristics of different reed clones. 
For this purpose, ten reed clones were planted at six artificial sand 
banks in 1995, according to a special planting design. The growth 
and expansion performance of th clones was compared. 
The reed plants grew without significant stress i  he first vegeta- 
tion period, resulting  newly established reed stands in a very good 
condition at the end of the season. Despite the same site conditions 
at the experimental plots, the planted clones differed significantly in 
their morphology and stand structure. By comparison, reed plants of 
the same clone exhibited strong similarity on all experimental plots. 
These results appear to jus ify the assertion that, at least during the 
initial phase ofestablishing a reed stand, the development of stand 
structure is determined more by genetically controlled programmes 
than by site conditions. Only long-term investigations will be able to 
clarify to what extent stable stand structures are formed by geneti- 
cally controlled programmes after polycormons reach maturity. 
Intact shores of lakes and rivers m'e effectively protected 
against mechanical influence of wave energy of water by lit- 
toral macrophyte societies. Extensive rosion of shores and 
intensive soil movement result when waves push on unhin- 
dered to the shore line in the absence of macrophytes. These 
eroded shores possess acharacteristic morphology hindering 
a successful resettlement byreed plants (Fig. 1). 
Large sections of shores of the numerous water bodies in 
Berlin are in such a condition (Fig. 1). In the eastern part of 
Berlin, 84.4% of shores (not including the river Spree in the 
inner city) are completely eroded or artificially protected by 
steel and/or concrete. As shore erosion continues unabated, ex- 
pensive shore protection measures are inevitable. From an eco- 
logical point of view, such shores are worthless and need con- 
stant control and care. Therefore, programmes for the protec- 
tion and/or the establishment of reed are useful and necessary. 
downfall of trees 
near the shoreline 
Fig. 1. Most frequent condition of 
shores of Berlin water bodies; natu- 
ral recolonization by Phragmites 
australis i  not possible. 
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Fig. 2. Comparison of two Phragmites-clones (SEDDIN2 and SEDDIN3 in close proximity) on their natural sites at Lake Seddinsee; both 
clones differ morphologically aswell as genetically from each other despite the same site conditions (fingerprints done by NEUHAUS 1991). 
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Fig. 3. Schematic representation f the colonisation strategy ofPhragmites australis on suitable habitats (according KOPPITZ et al. 1997). 
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As a rule, the common reed (Phragmites australis) is used 
for re-establishment a  sites with suitable conditions, be- 
cause of its high ecological relevance (RODEWALD-RUDESCU 
1974; OSTENDOm ~1993). However, plantings with Phrag- 
mites australis are often unsuccessful for four main reasons: 
1. genetically unsuitable plant material 
2. long lasting phase of adaptation by young reed plants 
with particular sensitivity to stress factors 
3. wrong technology in planting 
4. poor choice of shore sections in terms of their morpholog- 
ical suitability as planting areas. 
Only the first point will 
be discussed in this paper. A 
large-scale xperiment for 
the establishment of reed on 
degraded shores is present- 
ed based on new results of 
reed research. This experi- 
ment has been promoted 
and financed by the Berlin 
City Council (Senat). 
after the last glacial period, on shore banks, around gravel 
pits) are colonized via seeds of Phragmites distributed by 
wind. Therefore, genetic variability is comparatively high 
within these young reed stands as first shown for a newly 
colonised area in the Uckermark region (KoPPITZ et al. 
1997). Phragm#es seedlings begin to expand via rhizomes 
immediately after establishment in suitable areas. In a rela- 
tively short time, the settling area is covered entirely by reed 
plants to such an extent hat new seedlings do not have a 
chance for successful development because of strong com- 
petition from the older plants. Thus, generative propagation 
2. A new scientific 
approach to the 
establishment of 
Phragmites aus- 
tralis on degraded 
shores in Berlin 
What supports the assump- 
tion that not every reed 
plant is suitable for plant- 
ing on certain shore sec- 
tions? Molecular biological 
investigations of several 
water-reed stands have 
shown that their genetic 
variability is very low 
(KOttL & NEUHAUS 1993; 
NEUHAUS et al. 1993; KOP- 
P~TZ et al. 1996; Fig. 2). 
This is a result of the spe- 
cific colonisation strategy 
of Phragmites australis, 
making it the most success- 
ful reed species in the Cen- 
tral European region. Ac- 
cording to KOHL & 
NEUHAUS (1993) newly 
formed shores or shores 
free of vegetation (e.g. 
along water bodies formed 
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Fig. 4. Planting design of experimental plots at Lake Langer See (above), at Lake Seddinsee and at River 
Untere Havel (below); clones were named according their origin. 
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becomes unimportant for the reed stand (LUTHER 1950; H~R- 
LIMANN 1951; VAN DER VALK 1981; WEISNER et al. 1993), 
whereas vegetative propagation achieves dominance. Conse- 
quently, genetic variability of the new reed stand cannot con- 
tinue to increase. 
In this situation, established clones compete for space and 
nutrients. Genotypes of those clones which allow the most 
effective exploitation of resources under the specific site 
conditions have an advantage and, therefore, ineffective 
clones are replaced during the development of stand struc- 
ture. As the main result of this process reed stands are 
formed which have a low genetic variability but are well 
adapted to specific site conditions. Reed stands remain in 
this state as long as site conditions do not change. Similar 
conception regarding the specific colonization strategy of 
mainly vegetatively propagating plant species was suggested 
by ERIKSSON (1993) and HEERDT & DROST (1994). The de- 
scribed processes are presented schematically in Fig. 3. 
Recently, site conditions for existing reed stands have 
changed rapidly due to industrialisation, intensification of 
agriculture and the extensive use of water bodies for sporting 
and bathing purposes. Many reed clones were not able to 
adapt to the new site conditions and have receded. 
Clones within a reed stand seldom react uniformly to 
rapid changes of site conditions. Within very short ime peri- 
ods, dramatic loss of reeds has been observed in many shore 
sections, whereas certain clones were obviously not affected 
by reed die-back. A possible xplanation of this phenomenon 
was given by Kf2HL & NEUHAUS (1993) in their model de- 
scribing the "invisible reed die-back". According to this, 
large gaps within reed stands may be caused by regression of 
clones affected by rapidly changing site conditions. Other 
clones of this reed stand which are still vigorous appear to be 
able to spread into these gaps. As a consequence of this pro- 
cess, a closed reed stand, possessing, however, a lower ge- 
netic variability, is formed. The changed stand structure can 
be significant for survival if the site conditions continue to 
deteriorate. Because of the lower number of genotypes, the 
ability of the whole reed stand to react to new changes is 
more limited than before. This can only be explained by dif- 
Fig. 5. Meristematically created reed plant by TINPLANT (clone 
MUEGG'87, 14 June, 1995). 
Fig. 6. Experimental plot at lake Langer See: differences in mor- 
phology and stand structure between the planted clones are clearly 
visible (2 July, 1995). 
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Fig. 7. Comparison of the development of shoot lengths (SL) and shoot densities (SD) in 1995 of all planted reed clones on experimental 
plot 1 (at Lake Seddinsee). Time scale: A = date of delivery of reed plants; B = date of first investigation; C = date of final investigation. 
Limnologica 29 (1999) 1 79 
ferent olerance limits of the various clones forming a com- 
mon reed stand. KOHL & KO~L (1993) even suggest different 
genetically determined ecotypes of Phragmites australis. 
Similar findings were presented by GUTHRUF-SEILER (1993) 
and Kt~HL et al. (1997). 
These considerations created the starting-point for a 
large-scale xperiment focussing on the search for genetical- 
ly suitable Phragmites clones as planting material for reed 
re-establishment measures in Bedim For this purpose, six 
experimental plots were chosen (two by Lake Seddinsee, 
three by Lake Langer See and one by the river Havel). On 
each plot 10 different Phragmites clones were planted ac- 
cording to an experimental design that allowed the separa- 
tion of clones on the basis of their morphological parameters, 
coloration and shoot densities (Fig. 4). 
These clones originated from nutrient-rich sites of river 
lakes in Berlin (from Lake Mtiggelsee: clones MUEGG'87 
and MUEGG-klein; from Lake Seddinsee: clones SED- 
DINI-4; from the river Havel: clones HAVEL2 and 
HAVEL3.1; from a irrigation field in the northern part of 
Berlin: RIES 1) and from a nutrient-poor site at a mesotrophic 
clear water lake in the Uckermark region (from Lake Parstein- 
er See situated about 100 km to the north-east of Berlin: clone 
PAR1). The clones PARI and MUEGG'87 have been investi- 
gated since 1986 and 1987, respectively, and the clones SED- 
DINI-4 have been investigated since 1992. Therefore, their 
main morphological and physiological parameters are well 
known (K~HL & KOI-IL 1992, 1993; KOHL et al. 1995; Kt2HL et 
al. 1997; WOITrd~ et al. 1995). All chosen original reed stands 
possess a monoclonal structure (MUEGG'87, SEDDIN1-4, 
PAR1) or consist of only a few clones (MUEGG-klein) (KOHL 
& NEUHAUS 1993; NEUUAUS et al. 1993; KOPPITZ et al. 1997; 
KoPPITZ & KCIHL, unpubl.). Reed stands from the Berlin region 
are quite vigorous despite the high stress. Therefore, they 
were chosen as autochthonic plant material for this experi- 
ment. The plant material from the Uckermark region was used 
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for comparison. The propagation of clones was carried out by 
TINPLANT (Klein Wanzleben) via meristematic ell cul- 
tures. This procedure guarantees the genetic identity of the 
planting material produced with the original clone at its natu- 
ral site (Fig. 5). It was supposed that the clones used have dif- 
ferent ecophysiological strategies [e.g. assimilation type and 
translocation type described by KOnL & KOHL (1993) and 
K~3nL et al. (1997)] and, therefore, react differently to the ho- 
mogeneous experimental reas, in keeping with their genetic 
programmes. A major problem of evaluation of results con- 
sisted in distinguishing enetic influences from environmen- 
tal influences on the development of the reed clones planted. 
3. Resu l t s  and  D iscuss ion  
The chosen method of planting of meristematically propa- 
gated reed plants on newly created sand areas directly at the 
shore line, as well as all measures to protect he reed against 
consumers, were very successful in the first year. There were 
no losses of young plants. They expanded soon after 
planting. The impression of a dense reed stand arose after a 
relatively short time. The polycormons were not stressed by 
any consumers or other plant species during the first vegeta- 
tion period. Slight grazing damage by musk rat was observed 
only on a few rhizomes and shoots expanded into the open 
water. 
Two months after planting, characteristic differences re- 
garding the morphology and colour of reed plants, stand den- 
sity and productivity, were already observed between several 
clones despite the same site conditions (Fig. 6), and were 
manifested up to the end of the vegetation period. Develop- 
ment of shoot length and density was different for each clone 
(Fig. 7). 
It was found that a typical relationship between mean 
shoot length and mean shoot density exists for each clone 
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under a comparable stage of development of the reed stand 
(Figs. 8 and 9). It has to be considered that reed polycormons 
have not reached physiological maturity at the end of the first 
season. In this early phase of reed stand establishment, site 
conditions eem to exert little influence on the development 
of reed plants, because specific clones always behave simi- 
larly regarding their growth and expansion strategy irrespec- 
tive of the planting area. Obviously, the time of planting is 
more important. Although clones planted later in the season 
follow the same clone-specific development in principle, re- 
markable differences to the earlier planted clones are recog- 
nizable (Figs. 8 and 9) due to the late planting. 
Moreover, the Phragmites clones used differed in further 
characteristics too. The clones can be differently effective in 
expanding and colonising new habitats. Two main expansion 
strategies were observed which can also be united in the same 
clone: firstly, expansion via expansion rhizomes (Fig. 10), 
secondly expansion via laid-shoots (German: Leghalme; Fig. 
11). Expansion rhizomes pread mainly into the open water 
on all experimental p ots. Thereby, clones showed a different 
intensity. The performance of a strongly expanding clone is 
compared with that of a weakly expanding one in Fig. 12. 
A lateral spreading has been observed only in a few cases. 
Spreading via laid-shoots erves only to colonise suitable 
Fig. 10. Waterward spreading of 
clone PAR1 via expansion rhizomes 
(experimental plot 6, 15 October, 
1995). 
Fig. 11. Colonization of a vegeta- 
tion-free interspace by clone SED- 
DIN1. Presented shoots have only 
grown from nodes of laid-shoots (ex- 
perimental plot 4, 8 October, 1995). 
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land areas or dry shore sections due to changes of water level. 
It is probably induced by the formation of vegetation-poor or 
vegetation-free shore sections characterised by an absence of 
competition pressure. Therefore, spreading via laid-shoots is 
more an expansion on land than one directed to the water. 
Moreover, genetic constitution probably plays an important 
role, because formation of laid-shoots was always observed 
in clone SEDDIN1. Laid-shoots achieved expansion rates up 
to 4.5 m in only one vegetation period, whereas primary 
shoots at the same time grew less than 1 m. For some clones a 
significant gradient in morphology from water to land was 
noted, e.g., reed plants at the water's edge were better devel- 
oped than plants growing on higher ground (Fig. 13). 
Conversely, clone RIES 1 growing at its natural site on 
land only, had better developed landward parts of the planted 
stands on the experimental p ots. This phenomenon could be 
a further argument for genetically determined characteristics 
of different reed clones. In this special case, clones have dif- 
ferent demands on water supply and water level. It appears 
that these specific colonisation strategies are influenced by 
site conditions only within certain genetically determined 
limits. 
Fig. 12. Comparison of spread perfor- 
mance of a weakly expanding clone 
(SEDDIN2) with that of a strongly ex- 
panding clone (HAVEL3.1) at the end of 
the first vegetation period 1995 (e.p. = 
experimental plot). 
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Fig. 13. Plants growing on the water 
side of the stand are significantly bet- 
ter developed than those on the land 
side (SEDDIN3, experimental plot 6, 
15 October, 1995). 
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4. Conclusions 
It was found that on all experimental p ots the same clones 
always developed similarly. Clones of different origin clear- 
ly deviated from each other. This was considered to be evi- 
dence of relatively narrow, genetically determined tolerance 
limits for environmental conditions. It is likely that the abili- 
ty of reed clones to adapt to special site conditions is ex- 
pressed given within these limits. Consequently, oniy such 
clones would be able to form a stable stand structure whose 
ecological amplitude is in conformity with the special site 
conditions. 
Once the artificial sand banks are completely covered by 
planted reed clones, a change of substrate conditions is to be 
expected in the course of time. This process may gradually 
influence the vigour of reed plants. Longer time periods for 
investigation are required to confirm this. 
Despite the establishment of experimental p ots late in the 
season and strong planting stress, most clones began to form 
expansion rhizomes. However, the ability to expand is differ- 
ently developed for each clone. Especially, the expansion be- 
haviour of clone SEDDIN1 on vegetation free sand banks 
via laid-shoots - only observed in this one clone on all exper- 
imental plots - was very impressive. It has to be accepted 
that the inducement of laid-shoot formation depends on the 
genetically determined potential of primary shoots develop- 
ing into laid shoots, the available space between plants, the 
quality of substrate and the age of the polycormon. The ex- 
pansion strength of clones clearly depends on the planting 
time. The earlier eed was planted, the stronger were the ex- 
pansion rhizomes preading into the open water, already in 
the first year. The lateral and landward spreading (with the 
exception of laid-shoots) did not play an important role. 
Altogether, it has been shown that planted reed clones re- 
alize very different characteristics and performances under 
the same site conditions. In summary, four groups can be de- 
scribed regarding mean shoot length, mean shoot density, 
stand structure, expansion behaviour and vigour (Table 1). 
This is evidence of the importance of such large-scale x- 
periments as presented here. However, all results presented 
in this paper are to be evaluated considering that at least 
some characteristics of clones change after reaching physio- 
logical maturity. Therefore, long-term investigations are 
necessary to quantify the importance of the ecological ampli- 
tude of a single reed clone within a whole reed stand. In this 
context, the different characteristics and performance ofreed 
clones should be tested in order to create special clone de- 
signs for a rapid and durable colonization of degraded shore 
sections. In this way, advantageous characteristics of special 
clones could be used to protect he newly established reed 
stands against several stress factors (e. g. rapid formation of 
a dense root and rhizome network against shore erosion; 
high shoot density against grazing pressure; high culm sta- 
bility against several mechanical stress factors; high expan- 
sion performance of young polycormons: colonization of 
large areas and prevention of soil movement). Some of the 
clones used for such a design could also have an al- 
lochthonous origin. Among them may be a few which will be 
regressing after the development of created sites. But in the 
first phase of colonization, they will have prepared and pro- 
tected the development of autochthonous clones. 
5. Zusammenfassung 
Zielstellung der Untersuchungen war die Frage, inwieweit genetisch 
determinierte Eigenschaften von verschiedenen Schilfldonen 
[Phragmites australis (CAV.) TRIN. ex STEUDEL] den Erfolg von 
Pflanzmagnahmen beeinflussen. Hierzu wurden 1995 je zehn 
Schilfklone ntsprechend eines spezifischen Pflanzdesigns auf sechs 
Fl~ichen an verschiedenen Berliner Gew~issern gepflanzt und deren 
Wachstums- und Expansionsverhalten miteinander verglichen. Die 
auf einer Sandschtittung wachsenden Schilfpflanzen konnten sich 
weitestgehend ohne Streg entwickeln. Dadurch befanden sich die 
Pflanzungen nach der ersten Vegetationsperiode in einem sehr guten 
Zustand. Die einzelnen Klone eines jeden Versuchsfeldes waren 
trotz der gleichen Standortbedingungen morphologisch und hin- 
Table 1. Types of planted clones regarding mean shoot length, mean shoot density, stand structure, xpansion behaviour and vigour after the 
first vegetation period (1995). 
Type 1: Long shoots, Type 2: Long shoots, Type 3: Short shoots, Type 4: Short shoots, 
low shoot density high shoot density low shoot density high shoot density 
Appertaining clones MUEGG' 87 HAVEL2 SEDDIN2 MUEGG-klein 
PAR1 HAVEL3.1 SEDDIN4 
SEDDIN3 RIES 1 
SEDDINI 
Growth and vigour Homogeneous stand Homogeneous stand Non-homogeneous Homogeneous stand 
structure, high produc- structure, very high stand structure, low structure, very high 
tivity, high adaptabi- productivity, sar i s -  productivity, low productivity, middling 
lity, strong expansion factory expansion expansion, sensitive to expansion, sensitive to 
planting stress erosion 
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sichtlich der Bestandsstmktur voneinander verschieden. Dagegen 
ergab der Vergleich der Pflanzen jeweils eines Klons auf unter- 
schiedlichen Versuchsfeldern deutliche Ubereinstimmungen. Die 
Ergebnisse berechtigen zu der Aussage, dag zumindest in der An- 
fangsphase der Etablierung eines Schilfbestandes die Entwicklung 
der Bestandsstruktur mehr durch genetisch gesteuerte Programme 
als durch die Standortbedingungen bestimmt wird. Nut durch 
Langzeituntersuchuugen ka n geklSxt werden, wie hoch der Anteil 
dieser genetisch gesteuerten Programme an der Herausbildung sta- 
brier Bestandesstrukturen nach der vollstfindigen Entwicklung der 
Polykormone wirklich ist. 
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